In central mammalian neurons, activation of metabotropic glutamate receptor type1 (mGluR1) evokes a complex synaptic response consisting of IP 3 receptor-dependent Ca 2+ release from internal Ca 2+ stores and a slow depolarizing potential involving TRPC3 channels. It is largely unclear how mGluR1 is linked to its downstream effectors. Here, we explored the role of stromal interaction molecule 1 (STIM1) in regulating neuronal Ca 2+ signaling and mGluR1-dependent synaptic transmission. By analyzing mouse cerebellar Purkinje neurons, we demonstrate that STIM1 is an essential regulator of the Ca 2+ level in neuronal endoplasmic reticulum Ca 2+ stores. Both mGluR1-dependent synaptic potentials and IP 3 receptor-dependent Ca 2+ signals are strongly attenuated in the absence of STIM1. Furthermore, the Purkinje neuron-specific deletion of Stim1 causes impairments in cerebellar motor behavior. Together, our results demonstrate that in the mammalian nervous system STIM1 is a key regulator of intracellular Ca 2+ signaling, metabotropic glutamate receptor-dependent synaptic transmission, and motor coordination.
SUMMARY
In central mammalian neurons, activation of metabotropic glutamate receptor type1 (mGluR1) evokes a complex synaptic response consisting of IP 3 receptor-dependent Ca 2+ release from internal Ca 2+ stores and a slow depolarizing potential involving TRPC3 channels. It is largely unclear how mGluR1 is linked to its downstream effectors. Here, we explored the role of stromal interaction molecule 1 (STIM1) in regulating neuronal Ca 2+ signaling and mGluR1-dependent synaptic transmission. By analyzing mouse cerebellar Purkinje neurons, we demonstrate that STIM1 is an essential regulator of the Ca 2+ level in neuronal endoplasmic reticulum Ca 2+ stores. Both mGluR1-dependent synaptic potentials and IP 3 receptor-dependent Ca 2+ signals are strongly attenuated in the absence of STIM1. Furthermore, the Purkinje neuron-specific deletion of Stim1 causes impairments in cerebellar motor behavior. Together, our results demonstrate that in the mammalian nervous system STIM1 is a key regulator of intracellular Ca
INTRODUCTION
The metabotropic glutamate receptor type 1 (mGluR1) is one of the most abundantly expressed mGluRs in the mammalian central nervous system (Lein et al., 2007) . In various brain regions, mGluR1 is required for different forms of activity-dependent synaptic plasticity and is thus important for learning and memory formation, cognition, emotional behaviors, and motor functions (Lü scher and Huber, 2010; Niswender and Conn, 2010) . The highest expression level of mGluR1 in the brain is found in Purkinje neurons (PNs), the principal neurons of the cerebellar cortex (Lein et al., 2007; Shigemoto et al., 1992) . Sensorimotor integration in the cerebellar cortex decisively depends on intact mGluR1-dependent synaptic transmission at parallel fiber synapses of PNs. In humans, cerebellar functions like motor coordination are heavily impaired by autoantibodies against mGluR1 (Coesmans et al., 2003) . In mice, genomic deletion of mGluR1 leads to severe symptoms of ataxia (Aiba et al., 1994) that is alleviated by the exclusive expression of mGluR1 in Purkinje neurons (Ichise et al., 2000) . Binding of glutamate to postsynaptic mGluR1 activates two major intracellular signaling pathways. First, by coupling to Ga q (Hartmann et al., 2004) , mGluR1 activates phospholipase C and thus induces the generation of inositoltrisphosphate (IP 3 ). Cytosolic IP 3 will then open IP 3 -receptor channels and thereby mediate release of Ca 2+ ions from intracellular endoplasmic reticulum (ER) Ca 2+ stores.
In Purkinje neurons, IP 3 -dependent Ca 2+ release from ER stores is most effectively triggered by the repetitive stimulation of afferent parallel fibers (Finch and Augustine, 1998; Takechi et al., 1998) . IP 3 receptor-dependent Ca 2+ release in dendritic spines plays a key role for activity-dependent synaptic plasticity, such as long-term depression (LTD), and motor learning (Miyata et al., 2000) . Accordingly, impairments in the signal transduction pathway, including loss of Ga q (Hartmann et al., 2004; Offermanns et al., 1997) , PLCb4 (Hashimoto et al., 2001) , or IP 3 receptors (Inoue et al., 1998; Matsumoto et al., 1996) , result in a pronounced cerebellar ataxia. The second signaling pathway that is concomitantly activated by mGluR1 underlies the generation of a slow excitatory postsynaptic potential (sEPSP) (Batchelor et al., 1994) . It has been shown that sEPSPs are also dependent on Ga q (Hartmann et al., 2004) and that they are mediated by the transient receptor potential channel TRPC3 (Hartmann et al., 2008) . Impairments in TRPC3-mediated signaling cause major defects in Purkinje neuron function and cerebellar motor behavior (Becker et al., 2009; Hartmann et al., 2008) . Similar deficiencies in motor control can be observed when the IP 3 receptor-dependent signaling pathway is interrupted (Matsumoto et al., 1996) . The similarity of the cellular and behavioral alterations suggests the existence of a strong link between the two pathways.
In nonexcitable cells and heterologous expression systems, both IP 3 R-dependent Ca 2+ stores (Liou et al., 2005; Luik et al., 2006; Mercer et al., 2006; Wu et al., 2006) and the gating of TRPC channels are controlled by the stromal interaction molecule 1 (STIM1) (Liou et al., 2005; Muik et al., 2008; Roos et al., 2005; Zeng et al., 2008) . STIM1 is a type I transmembrane protein that was originally identified in immune cells (Oritani and Kincade, 1996) and found to be structurally highly conserved from Drosophila to humans (Williams et al., 2001) . In mammals, STIM1 is widely expressed in various tissues, including the brain. It is particularly abundant in the cerebellum and the hippocampus (Klejman et al., 2009; Lein et al., 2007) , both brain regions that are also enriched in group I mGluRs and TRPC channels (Lein et al., 2007) . On the cellular level, expression of STIM1 is particularly strong in PNs (Dziadek and Johnstone, 2007; Klejman et al., 2009; Skibinska-Kijek et al., 2009; Stiber et al., 2008) . STIM1 localizes primarily to the membrane of the ER (Liou et al., 2005; Roos et al., 2005) , where its luminal N terminus functions as a Ca 2+ sensor (Williams et al., 2001 (Williams et al., , 2002 . When the Ca 2+ concentration in the ER lumen decreases, STIM1 molecules cluster and activate Orai channels in the plasma membrane (Muik et al., 2008; Park et al., 2009; Xu et al., 2006 the ER through sarcoendoplasmic reticulum Ca 2+ -ATPases (SERCA) Prakriya et al., 2006; Yeromin et al., 2006) . Furthermore, there is evidence that in nonneuronal cells STIM1 can directly gate TRPC channels (including TRPC3) by intermolecular electrostatic interactions (Zeng et al., 2008) . The molecular bases of the interactions between STIM, Orai, and TRPC molecules are under intensive investigation (DeHaven et al., 2009; Liao et al., 2008; Ong et al., 2007; Zeng et al., 2008) . In light of these interesting observations in nonneuronal cells, we explored the role of STIM1 in neuronal intracellular Ca 2+ signaling and mGluR1-dependent synaptic transmission.
RESULTS
First, we determined mRNA expression of Stim1 and its close homolog Stim2 (Williams et al., 2001 ) in whole-mouse cerebella and individual PN somata by quantitative real-time PCR (Durand et al., 2006; Hartmann et al., 2004 Hartmann et al., , 2008 and reliably detected transcripts for Stim1 and Stim2 in PNs, but not in the neuropil surrounding the PN layer, which was used as negative control ( Figure 1A ). In whole cerebellum, mRNA levels of Stim1 were higher than those of Stim2 ( Figure 1B ; 2,697 ± 334 copies/ng mRNA for Stim1 versus 1,700 ± 24 for Stim2, n = 3 cerebella), a difference that was more pronounced at the level of single PNs ( Figure 1C ; 103 ± 71 copies of Stim1 mRNA/PN versus 11 ± 8 of Stim2, n = 23 and 14 PNs, respectively). In accordance with this transcription pattern, STIM1 protein is present in PN somata and dendrites as revealed by immunostaining (Figure 1D ). The finding that in PNs, STIM1 is more abundant than STIM2 is surprising, as it contrasts with previous results in hippocampal (Berna-Erro et al., 2009 ) and cortical neurons (Gruszczynska-Biegala et al., 2011) , where STIM2 levels exceed those of STIM1.
To elucidate the functional role of STIM1 in PNs, we generated mice that lack STIM1 selectively in PNs (STIM1 pko ) by excising exon 6 (which encodes the transmembrane domain of STIM1; Sabbioni et al., 1999) of the Stim1 gene using a mouse line in which Cre is expressed under the control of a promoter specific for the expression of Grid2 (encoding the GluD2 receptor subunit; Grid2 Cre mice; Yamasaki et al., 2011) . Immunostaining in these STIM1 pko mice showed preservation of STIM1 expression in the granular layer (GL) but its absence in the PN layer (PNL) and the molecular layer (ML), which contains the dendrites of PNs (Figure 2A ). We verified that the PN-specific deletion of Stim1 did not interfere significantly with the expression of mGluR1-associated genes ( Figure S1 available online) and proteins ( Figure S2 ). STIM1 pko mice had no obvious motor deficits under standard cage conditions. However, when walking on a thin (1 cm) elevated beam, a test that probes cerebellar function (Hartmann et al., 2004) , STIM1 pko mice performed poorly with a significantly higher number of hindpaw slips compared to control littermates ( Figure 2B , left). In addition to that, STIM1 pko mice exhibited impaired motor learning. Thus, in repeated sessions on an accelerating rotarod device, they showed little improvement in comparison to control mice, which after 4-5 sessions managed to stay on the turning rod for significantly longer time periods than did STIM1 pko mice ( Figure 2B , right). Together, (C) Left: blockade of parallel fiber-evoked fast EPSC in a STIM1 pko mouse by CNQX (40 mM).
Right: summary graph of EPSC blockade by CNQX (n = 3 PNs).
(D) Mean decay time constants derived from monoexponential fits to EPSC time courses in control (n = 54 EPSCs in 11 inputs, 3 PNs) and STIM1 pko mice (n = 60 EPSCs in 15 inputs, 4 PNs).
(E) Superposition of paired parallel fiber EPSCs evoked at intervals of 50, 100, 200, and 500 ms in a control (top) and a STIM1 pko mouse (bottom).
Right: degree of paired pulse facilitation as a function of interstimulus interval (ISI) in control (n = 7 PNs) and STIM1 pko (n = 14 PNs) mice. Values are shown as mean ± SEM. *p < 0.05; ** p < 0.01 by t test. Here, and in all of the following figures, traces and bar graphs from control mice are in blue, and those from STIM1 pko mice are in red.
these results indicate that the deletion of STIM1 in PNs causes distinct alterations in motor behavior. Cerebellar motor deficits can result from impaired transmission and plasticity at glutamatergic synapses (Ito, 2006) . Therefore, we first analyzed AMPA receptor-mediated fast synaptic excitation in STIM1 pko mice by performing whole-cell recordings of parallel fiber-evoked excitatory postsynaptic currents (EPSCs) in acute cerebellar slices. As in control conditions (Konnerth et al., 1990) , single stimulation-evoked EPSCs in STIM1 pko mice were sensitive to the AMPA receptor antagonist 6-cyano-7-nitroquinoxaline-2,3-dione (CNQX, 40 mM; Figure 2C) . The time course of the EPSCs was highly similar in mutant and control animals ( Figure 2D ). Furthermore, pairedpulse facilitation, a characteristic form of presynaptic shortterm plasticity (Atluri and Regehr, 1996) in parallel fiber-PN synapses (Konnerth et al., 1990) , was not altered in the absence of STIM1 ( Figure 2E ; n = 14 PNs in STIM1 pko and n = 7 PNs in control mice). Thus, AMPA receptor-mediated transmission is not affected by loss of STIM1 in PNs, and also presynaptic glutamate release is normal. Cerebellar function critically relies on mGluR1 that is expressed at high density at PN excitatory synapses (Ichise et al., 2000; Lein et al., 2007) . For investigating the role of mGluR1 activation at parallel fiber synapses, we combined whole-cell recordings with confocal Ca 2+ imaging (Hartmann et al., 2008; Takechi et al., 1998) . Parallel fibers were repetitively stimulated (5 3 10 V, 200 Hz) in the presence of 10 mM CNQX ( Figure 3A) , a concentration that causes a partial block of AMPA receptor-mediated transmission in PNs (Hartmann et al., 2008) . In these conditions (Hartmann et al., 2008) , mild stimulation (10 V) produces fast excitatory postsynaptic currents (fEPSCs) mediated by AMPA receptors (Takechi et al., 1998) , followed by slow excitatory postsynaptic currents (sEPSCs) that depend on mGluR1 (Batchelor et al., 1994; Takechi et al., 1998) and are mediated by TRPC3 (Hartmann et al., 2008) (Figure 3A) . In addition, repetitive stimulation evoked a monophasic dendritic Ca 2+ transient that was restricted to the site of stimulation (Takechi et al., 1998) (Figure 3A ; n = 14/8 inputs/Ps). This Ca 2+ transient is mediated by IP 3 receptor-dependent Ca 2+ release from ER stores downstream of the activation of mGluR1 (Hartmann et al., 2008; Takechi et al., 1998) . In STIM1 pko mice, the sEPSC is virtually absent (Figures 3B and 3C ; n = 21/11 inputs/PNs). Stronger stimulation (25 V), which recruits more parallel fibers (Konnerth et al., 1990) , produced a characteristic biphasic Ca 2+ response consisting of an early AMPA receptordependent component, followed by a mGluR1-dependent slow component (Takechi et al., 1998) (Figure 3A ; n = 9/6 inputs/ PNs). Importantly, in STIM1 pko mice, the same stimulation again produced a much reduced mGluR1-dependent Ca 2+ signal but a normal early AMPAR-dependent component (Figure 3B , c; n = 21/11). Interestingly, not only the Ca 2+ signals but also the corresponding postsynaptic electrical responses were strongly changed in the mutants. Thus, whereas fEPSCs were unchanged in the absence of STIM1 (Figure 3B ), sEPSCs were virtually abolished ( Figures 3B and 3C ).
In 4D ; control: n = 24 dendritic regions in 14 PNs; STIM1 pko : n = 20 dendritic regions in 10 PNs).
In central mammalian neurons, empty ER Ca 2+ stores can be refilled through a voltage-independent process that takes place at resting potential spontaneously over a few minutes and/or more rapidly through depolarization-evoked activation of voltage-gated Ca 2+ channels (see, for example, Garaschuk et al., 1997) . To investigate the role of STIM1 in refilling stores in these two conditions, we first tested spontaneous refilling at resting potential by monitoring DHPG-evoked Ca 
DISCUSSION
The results obtained in this study demonstrate that STIM1 is required for refilling the Ca 2+ stores in resting PNs and for mGluR1-dependent synaptic transmission at parallel fiber-to-PN synapses. We show that in mice with a PN-specific deletion of Stim1 (STIM1 pko mice), mGluR1-dependent synaptic signaling is virtually abolished. Importantly, both the synaptically evoked IP 3 R-dependent release of Ca 2+ ions from ER Ca 2+ stores and the TRPC3-mediated sEPSCs are affected. Finally, we found that absence of STIM1 in PNs caused distinct alterations in cerebellar motor coordination.
The scheme shown in Figure 7 summarizes the complex actions of STIM1 in cerebellar PNs. Our results indicate that STIM1 is required for the replenishment of Ca 2+ stores in PNs at resting potential and thus ensures the maintenance of the intraluminal Ca 2+ level in the absence of neuronal activity. By contrast, voltage-gated Ca 2+ channels (consisting in PNs mostly of the P/QÀ or Ca v 2.1 type; Usowicz et al., 1992) can also fill internal Ca 2+ stores, but this effect is temporally linked to the preceding neuronal activity ( Figure 6 ) and serves the transient supercharging of the ER Ca 2+ stores. The existence of a neuronal store-operated Ca 2+ entry (SOCE) pathway in mammals was previously observed in a neuronal cell line (Clementi et al., 1992) and in neurons in primary cultures from dorsal root ganglia (DRG) (Usachev and Thayer, 1999) , as well as in hippocampal (Bouron, 2000) and cortical neurons (Yoo et al., 2000) . Our results are consistent with STIM1 Values are shown as mean ± SEM. *p < 0.05; ** p < 0.001 by t test.
activating Orai channels in central neurons (Gruszczynska-Biegala et al., 2011; Klejman et al., 2009) , with a predominant role for Orai2 in refilling the ER Ca 2+ stores in resting PNs (Figure S3) . Such a STIM/Orai-dependent mechanism is in analogy to what has been previously found and is well established in nonexcitable cells Mercer et al., 2006; Soboloff et al., 2006; Vig et al., 2006) . In the absence of STIM1, ER stores become largely devoid of Ca 2+ ions, and in these conditions, mGluR1-mediated IP 3 signaling fails to produce a Ca 2+ release signal from ER stores ( Figures 3B and  3C ). In addition, the TRPC3-mediated slow EPSCs are largely abolished ( Figures 3B and 3C) .
How does STIM1 interact with TRPC3 channels in PNs? Previous evidence indicates that mGluR1-dependent currents do not require phospholipase C (PLC) (Canepari and Ogden, 2006; Glitsch, 2010; Tempia et al., 1998) or IP 3 receptors (Tempia et al., 1998) and persist under conditions of ER store depletion (Dzubay and Otis, 2002; Tempia et al., 2001) . We now present evidence that Ca 2+ entry through voltage-gated Ca 2+ channels can restore TRPC3-mediated currents in STIM1-deficient PNs ( Figures 6B and 6C ). The dependence of TRPC3 function on intracellular Ca 2+ , which has not been recognized previously, may serve as a coincidence detector to help boost mGluR1-dependent synaptic potentials during normal parallel fiber-mediated synaptic transmission, both through the concomitantly occurring Ca 2+ release signals from ER stores (Takechi et al., 1998) and through depolarization-dependent Ca 2+ entry (Eilers et al., 1995) . Elevated intracellular Ca 2+ levels may represent a critical factor that facilitates the interaction of STIM1 with TRPC3 channels. Such a direct interaction is supported by previous observations in cell lines, indicating that STIM1 can gate TRPC3 channels through electrostatic interaction between two aspartate residues in TRPC3 (   697   DD   698 ) with two lysines in STIM1 ( 684 KK 685 ) (Zeng et al., 2008) .
Overall, our results indicate that important functions of STIM1 that were previously recognized only in nonexcitable cells (Baba et al., 2008; Roos et al., 2005) , apply, at least partially, also to central neurons. However, in nonexcitable cells, TRPCs were shown to act directly as store-operated channels (SOCs) when interacting with STIM1 (Yuan et al., 2007) but as non-SOCs when not associated with STIM1 (Baba et al., 2008) . In PNs, while Ca 2+ release from stores persists in the absence of TRPC channels (Hartmann et al., 2008) , we now provide evidence that STIM1 is required for store refilling and involved in mGluR1-dependent TRPC3 activation. Interestingly, in pyramidal neurons of the neocortex, STIM2, but not STIM1, was shown to regulate ER Ca 2+ store replenishment (Berna-Erro et al., 2009).
A possible explanation for the difference between cerebellar Purkinje and cortical neurons might be the difference in relative expression levels of Stim1 and Stim2 in the different brain areas (Lein et al., 2007) .
In conclusion, our results identify STIM1 as one of the missing intracellular links between mGluR1 and TRPC3. We demonstrate that STIM1 is essential for slow excitatory synaptic potentials in PNs and for cerebellar motor control. Furthermore, we identify STIM1 as a regulator of Ca 2+ homeostasis that is essential for the maintenance of normal Ca 2+ levels in the endoplasmic reticulum. This function of STIM1 in central neurons is somewhat unexpected in view of the abundant expression of voltage-gated Ca 2+ channels, particularly in dendrites in which the channels underlie the generation of prominent Ca 2+ signals (Eilers et al., 1995) . The fundamental mechanisms by which STIM1 interacts with TRPC3 and Orai seem to be largely similar to what has been found in nonexcitable cells (Liao et al., 2008) . A unique property of STIM1 function in central neurons, however, is the high signaling speed in the millisecond range and its coupling to a synaptic receptor protein.
Because of the wide distribution of mGluR1-dependent synaptic transmission throughout the mammalian brain (Niswender and Conn, 2010) , STIM1 may be a key regulator of Ca -free ACSF were 222% ± 25% (n = 12 PNs) in control and 20% ± 20% (n = 5 PNs) in STIM pko mice.
EXPERIMENTAL PROCEDURES
Quantitative Rapid-Cycle Real-Time RT-PCR Individual PNs and control material were harvested under visual control from cerebellar slices. Rapid-cycle PCR reactions were performed as previously described (Hartmann et al., 2004 (Hartmann et al., , 2008 ) (for more details, see the Supplemental Experimental Procedures).
Immunohistochemistry
Mice were lethally anaesthetized and transcardially perfused with 4% PFA after a preflush of 10 mM PBS. Brains were postfixed overnight, cryoprotected in 30% sucrose in 10 mM PBS, and cut into 20-mm-thick cryostat sections. Antigen unmasking was performed by microwaving for 5 min in 10 mM citrate buffer. Sections were washed in 10 mM PBS, blocked for 1 hr at room temperature in 0.3% Triton X-100, 10% normal goat serum, and 1% BSA, and stained with antibodies overnight at 4 C against STIM1 (rabbit, Cell Signaling, 5668; 1:800) and Calbindin (mouse IgG1, Sigma, 1:2,000). Sections were washed in 10 mM PBS, incubated with suitable secondary antibodies coupled to Alexa 594 or Alexa 488 (Invitrogen), and washed in 10 mM PBS. Slides were coverslipped in Vectashield (Vectorlabs). All experimental procedures were performed in accordance with institutional animal welfare guidelines and were approved by the state government of Bavaria, Germany.
Generation of STIM1 pko Mice
Mice in which exon 6 of the Stim1 gene was flanked by loxP sites (Baba et al., 2008) were bred with mice that express the Cre gene under the control of the GluD2 promoter (GluD2 +/Cre mice; Yamasaki et al., 2011) . The resulting offspring was genotyped using PCR of genomic DNA extracted from the tail by standard procedures. The wild-type Stim1 gene and the floxed Stim1 gene were recognized by the following primer pairs: S1-forward:: 5 0 -CTGC TGAGCTACACACATTCC-3 0 , S1-reverse: 5 0 -GCCTCAGTGCATTCCCAAGTG CTAAG-3 0 (product length for wild-type: 750 bp, product length for floxed Stim1: 600 bp) (Baba et al., 2008) . Presence or absence of Cre was detected using the primers Cre-forward: 5 0 -GCCGAAATTGCCAGGATCAG-3 0 and Cre-reverse: 5 0 -AGCCACCAGCTTGCATGATC-3 0 , respectively. Mice with a homozygous expression of loxP sites and one Cre allele were classified as PN type-specific STIM1 knockout (STIM1 pko ) mice and as controls when Cre was absent from the genome.
Behavioral Tests
After habituation to the rotarod (Ugo Basile, 4600) STIM1
pko and control mice were tested twice a day at a time interval of $8 hr for 4 consecutive days. In each session, the velocity of the rotation increased with a constant acceleration of 9 rpm/min starting from 5 rpm. The elevated beam balancing test was performed and analyzed as described previously (Hartmann et al., 2004) .
Slice Preparation
Parasagittal cerebellar slices (300 mm) were prepared from adult mice. The animals were decapitated following anesthesia with CO 2 , and the cerebella were rapidly removed and placed in ice-cold artificial cerebrospinal fluid (ACSF) containing (in mM): 125 NaCl, 4.5 KCl, 2 CaCl 2 , 1 MgCl 2 , 1.25 NaH 2 PO 4 , 26 NaHCO 3 , 20 glucose, bubbled with 95% O 2 , and 5% CO 2 . After cutting, slices were kept for 45 min at 34 C and then for up to 6 hr at 20 C in ACSF.
Electrophysiology
Whole-cell recordings from visually identified PN somata were performed following standard procedures using an EPC9 patch clamp amplifier (HEKA). Patch pipettes (3-4 MU) were pulled from borosilicate glass (Hilgenberg). The internal solution contained (in mM): 148 potassium gluconate, 10 HEPES, 10 NaCl, 0.5 MgCl 2 , 4 Mg-ATP, 0.4 Na 3 -GTP, and 0.1 Oregon Green BAPTA-1 (Invitrogen) (pH 7.3). microscope (E600FN; Nikon) and equipped with a 403 objective (NIR Apo, NA 0.8; Nikon) was used to acquire fluorescence images from dendritic fields in parallel to the patch clamp recordings. For confocal microscopy of immunostained sections, we used an FV1000 (Olympus) slow-scanning confocal microscope, equipped with 203 (NA 0.8oil) and 603 (NA 1.45oil) Plan-Apochromat objectives (Olympus).
Confocal Imaging

IP 3 Uncaging
For photolytic uncaging experiments, the internal saline was supplemented with NPE-IP 3 (400 mM; Invitrogen). Uncaging was produced by directing the output of a diode laser (Coherent Cube; 375 nm, 15 mW at the laser head) onto the surface of the slice with the use of a tapered lensed optical fiber (Nanonics; working distance 6 ± 1 mm, spot diameter 6 ± 1 mm).
Statistical Analysis
Student's t test was used for statistical comparisons of mean values. Differences were regarded as significant for p < 0.05 (*) and highly significant for p < 0.01 (**). 
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